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Background: The aim of the study was to assess the localization of Polysialic acid (polySia) and Neural cell
adhesion molecule (NCAM) in grade I–IV astrocytomas by confocal microscopy, and also to clarify and compare
their relationship to conventional clinicopathological features in these tumors.
Methods: Study material was stained immunohistochemically for polySia, NCAM and IDH1-R132H point mutation.
Confocal microscopy of polySia and NCAM staining was performed on tissue micro-array samples (TMA) of 242
diffusely infiltrating astrocytomas (grade II: 28; grade III: 33; grade IV: 181) and 82 pilocytic astrocytomas. The results
were statistically correlated to clinicopathological factors and survival data.
Results: PolySia was observed in 45 cases (19%) and NCAM positivity in 92 cases (38%). All 45 tumors with polySia
positivity were also positive for NCAM whereas there were 47 tumors which contained positive staining for NCAM
but not for polySia. The simultaneous expression was concomitant and colocalized suggesting polysialyated NCAM
(polySia-NCAM). PolySia expression was significantly stronger in IDH1 mutated tumors than in IDH1 non-mutated
(p = 0.001, chi-square test). There were no significant differences in polySia-NCAM between primary tumors or
recurrences (p = n.s., chi-square test). PolySia positivity was associated with longer patient survival in relation to total
tumor material (p = 0.020, log-rank test). Furthermore, when only glioblastomas were assessed, patients with
positive polySia had significantly better prognosis (p = 0.006, log-rank test). In multivariate survival analysis, polySia
was found to be an independent prognostic factor. PolySia was nearly absent in grade I pilocytic astrocytomas
(1 immunopositive tumor of 82).
Conclusions: Expression of polySia is common in adult grade II–IV astrocytomas, whereas it is nearly absent in
pediatric grade I pilocytic astrocytomas. PolySia positivity is associated with longer survival rates in patients with a
grade II–IV astrocytomas and also grade IV glioblastomas assessed separately. The results of this study suggest that
IDH1 mutation may be associated with polySia expression pathways in malignant gliomas.
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Diffusely infiltrating astrocytomas are central nervous
system (CNS) tumors originating from astrocytic glial
cells, or their precursors. They represent an important
tumor entity accounting for 60% of all primary brain tu-
mors [1]. Diffusely infiltrating astrocytomas can be as-
sorted into grades II – IV according to WHO criteria.
The most malignant type, glioblastoma (GBM), is the
most prevalent form in adult patients. The devastat-
ing nature of GBM is highlighted by the 5-year sur-
vival rate of 10% even with using the latest therapeutical
methods [2]. Lower grade astrocytomas most often re-
lapse and proceed towards the more malignant grade.
Primary GBMs most commonly occur as a new onset
disease, whereas secondary GBMs develop from lower
grade astrocytomas. Grade I astrocytomas are called
pilocytic astrocytomas. They are considered benign as
they have a clear borderline and are generally slow
growing.
Neural cell adhesion molecule (NCAM) mediates ad-
hesion between adjacent neurons and glial cells [3,4].
Polysialic acid (polySia) is a carbohydrate polymer, which
is added post-translationally to the extracellular part of
NCAM, hence locating on the cell surface [5]. PolySia is
a strongly hydrated and negatively charged molecule. By
binding to NCAM, it increases the hydrodynamic area
of the cells extern proximity and impairs the capability
of NCAM to maintain the cell adhesion structures be-
tween other cells and the ECM [3,6]. In normal tissues,
especially during embryonic development, polySia takes
part in neuronal cell migration and axon pathfinding [7].
In this way, polySia can facilitate cell migration and plas-
ticity as well as increase the cell’s invasion capability [8].
In adulthood, polySia expression has mainly been associ-
ated with various pathologies, such as, for example, poor
patient outcome and increasing WHO grade in astro-
cytic tumors [9,10]. In contrast, NCAM expression has
been shown to correlate with lower malignancy grade
and better patient outcome [11,12].
As polysialylated NCAM (polySia-NCAM) is con-
sidered to be a neural stem cell marker [13], and dif-
fusely infiltrating astrocytomas are often referred as
stem cell cancers [1], we studied for the first time whe-
ther the characteristics and clinical course of astrocyto-
mas with and without polysialylated NCAM differ from
each other. In addition, given that the isocitrate de-
hydrogenase 1 (IDH1) mutation has been found to be an
essential genetic aberration in grade II–III diffusely infil-
trating astrocytomas and especially in secondary GBMs
[14,15], we wanted to study whether this stem cell mar-
ker, polySia-NCAM, can be of additional help in iden-
tifying the prognostic characteristics if grade II-IV
astrocytomas and secondary GBMs with and without
IDH1 mutations.Methods
Study material
There were 242 diffusely infiltrating astrocytomas (grade
II: 28; grade III: 33; grade IV: 181) and 82 grade I pilocytic
astrocytomas. 187 were primary astrocytomas and 55 were
recurrences. Of the grade IV astrocytomas, 10 were glio-
sarcomas, 1 was a gliant cell glioblastoma and 170 were
glioblastomas. Astrocytoma specimens were initially fixed
in 4% phosphate-buffered formaldehyde and then pro-
cessed into paraffin blocks. On the basis of hematoxylin
and eosin-stained slides, a neuropathologist (H.H.) evalu-
ated the tumors according to WHO 2007 criteria [1]. One
histologically representative tumor region was selected
from each specimen. From the selected regions, 1000 μm
tissue cores were mounted into tissue microarray blocks
using a custom made instrument (Beecher Instruments,
Silver Spring, MD, USA). Samples were obtained from
surgically operated patients at the Tampere University
Hospital, Tampere, Finland, during the years 1983 to 2001.
Tumors were radically resected if possible and most pa-
tients with high grade astrocytomas also received radio-
therapy. Patient survival was examined by a follow-up
study. Follow-up time started after primary resection of
the astrocytoma. Patients’s progress was followed up to the
year 2012 or until they were deceased. The study protocol
was approved by the ethical committee of Tampere Univer-
sity Hospital and the National Authority for Medicolegal
Affairs of Finland (diary number7796/05.01.00.06/2011).
PolySia-binding fluorescent fusion protein (EndoNA2-
GFP) at a concentration of 10 μg/ml was used for polySia
detection. Mouse anti-human NCAM antibody (123C3) at
a concentration of 4 μg/ml (Santa Cruz Biotechnology,
Santa Cruz, CA) was used as a primary antibody. Immu-
nohistochemical incubations were done overnight at 4°C.
In immunofluorescence, Alexa Fluor 594 chicken anti-
mouse secondary antibodies (Molecular Probes, Eugene,
OR) were used, and slides were mounted with Immu-
Mount (Shandon, USA). Confocal microscopy was per-
formed as described earlier [16]. The analysis was done
for the TMA of the 242 paraffin-embedded diffusely
infiltrating astrocytoma samples. A Leica TCS SP MP
confocal microscope equipped with a Spectra-Physics
Tsunami Ti-sapphire laser and Leica confocal software
was used in analysis. Sections were examined at two exci-
tation wavelengths: 488 nm for polySia-binding fusion
protein EndoNA2-GFP and 546 nm for fluorescent sec-
ondary antibodies.
R132H point mutation specific mouse monoclonal anti-
body (Dianova GmbH, Hamburg, Germany) was used to
detect IDH1-R132H specific gene mutations. Fully auto-
mated immunostaining was performed by a Bondmax im-
munostainer (Leica Biosystems Newcastle Ltd, Newcastle
upon Tyne, United Kingdom). Bond Dewax Solution
(catalogue No. AR9222) was used for deparaffinisation.
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pH 5.9-6.1 (catalogue No. AR9961) was used for 30 min at
100°C. The slides were incubated for 30 minutes at room
temperature with the IDH1-R132H point mutation spe-
cific antibody (dilution 1:50). The staining kit used was
Bond Refine Detection kit. The slides were rinsed between
steps with Bond Wash Solution (catalogue No. AR9590).
EGFR amplification status was examined by chromo-
genic in situ hybridisation (CISH) [17]. The cell prolifera-
tion index Ki-67/MIB-1 and p53 immunohistochemistry
were performed and analysed as previously described
[18,19].
Statistical analysis
The statistical analysis was performed using IBM SPSS
Statistics version 20.0. Significant associations were de-
fined using the chi-square test and Mann–Whitney U-test
and Kruskall-Wallis test. Kaplan-Meier curves and log-
rank test were used in univariate survival analyses. Cox
Regression analysis was used for multivariate survival
analyses.
Results
PolySia positivity was observed in 45 (18.6%) cases of
242 grades II – IV diffusely infiltrating astrocytomas. 92
(38.0%) tumors were shown to be positive for NCAMFigure 1 Staining patterns of polysialic acid and NCAM. A positive exp
shown in figure A, and positive NCAM expression in figure B in glioblastom
polysialic acid and NCAM in same tumor sample (C). Negative staining of p
D and E (F) in pilocytic atrocytoma. Scale bar, 40 μm.and 150 were negative. All tumors with polySia positivity
were also shown to be positive for NCAM, whereas there
were 47 tumors, which contained positive staining for
NCAM but not for polySia. The simultaneous expression
was concomitant and colocalized to cell surfaces indi-
cating polysialylated NCAM. Figure 1 demonstrates the
staining patterns of polySia and NCAM observed by con-
focal microscopy.
PolySia nor NCAM expression were not associated
with WHO grade. Table 1 shows the numbers of polySia
and NCAM positive tumors in each WHO grade. There
was no correlation between polySia-NCAM expression
and primary vs. recurrent tumors (p = n.s, chi-square test).
PolySia was not associated with p53 expression or EGFR
amplification (p = n.s., chi-square test).
Interestingly, tumors having IDH1 mutation were more
often polySia-NCAM positive (p = 0.001, chi-square test):
in IDH1 mutated tumors there were 31 polySia positive
and 18 negative cases, whereas, in IDH1 non-mutated
tumors, there were 120 positive and 19 negative cases.
Similarly, NCAM positive tumors were more often IDH1
mutated (p = 0.001, chi-square test; IDH1 mutated: 20
negative and 29 positive for NCAM, IDH1 non-mutated:
94 negative and 45 positive for NCAM). Positive polySia
expression was also associated with increasing prolifera-
tion by MIB-1 / Ki-67 (p = 0.007, Kruskall-Wallis test).ression of polysialic acid detected with EndoNA2-GFP fusion protein is
a. Overlay image of A and B showing the colocalized expression of
olysialic acid (D), positive staining for NCAM (E), and overlay image of
Table 1 Numbers of NCAM and polySia positive tumors in
different WHO grades (p = n.s.)
WHO grade
II III IV Total
NCAM
Positive 9 (32.2%) 18 (54.5%) 65 (35.9%) 92
Negative 19 (67.8%) 15 (45.5%) 116 (64.1%) 150
PolySia
Positive 2 (7.1%) 8 (24.2%) 35 (19.3%) 45
Negative 26 (92.9%) 25 (75.8%) 146 (80.7%) 197
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median follow up time of survivors was 133 months.
When all grade II – IV astrocytomas were included within
the analysis, polySia positivity was associated with better
patient prognosis (p = 0.020, log-rank test, Figure 2). In
glioblastomas, positive polySia expression was associated
significantly with better prognosis (p = 0.005, log-rank
test, Figure 3). NCAM expression also associated with
longer patient survival in total tumor material (p = 0.035,
loq-rank test), but not within different grades, when stud-
ied separately. However, when only glioblastoma patients
were analysed and both polySia and NCAM expression
was assessed simultaneously, patients with both polySia
and NCAM expression had longer survival rates than
patients with negative polySia and positive or negative
NCAM (p = 0.014, log-rank test). Furthermore, patientsFigure 2 Polysialic acid in grade II–IV astrocytomas (p = 0.020, log
183 patients were included in the analysis.with NCAM expressing tumors had the worst prognosis
compared to patients whose tumor was NCAM negative
or expressed both NCAM and polySia. When grade II and
III tumors were analysed separately, polySia or NCAM
were not associated with patient prognosis (p = n.s, log-
rank test).
Cox multivariate survival analysis was done with the
following variables: patient age, IDH1 mutation, EGFR
amplification, MIB1 labeling index, polySia expression,
NCAM expression and WHO grade. There were 77 cases
in which all these variables were known. The analysis was
not done separately in each WHO grade because the cases
included would have been few. IDH1 mutation, patient
age, MIB1 and polySia expression came up as independent
prognosticators. The hazard ratio (Exp(B)) for IDH1 was
0.195 (95% CI for Exp(B) 0.101-0.376). Exp(B) for patient
age was 1.705 (95% CI for Exp(B) 1.217-2.390). Exp(b) for
MIB1 was 1.673 (95% CI for Exp(B) 1.210-2.312). Exp(B)
for polySia was 0.516 (95% CI for Exp(B) was 0.280-
0.951). Age cut off poits were 0–54, 55–69, 70-. Cut
off points for MIB1 were 0–5, 5.1-15, 15.1-.
Polysialic acid in pilocytic astrocytomas
To assess the expression of polySia in grade I pilocytic
astrocytomas, we conducted analysis on those mostly pe-
diatric and benign tumors. Only one (1.2%) of the studied
82 tumors expressed polySia. In this case, polySia expres-
sion was located on the cell surfaces and it was histologi-
cally associated with NCAM (polySia-NCAM). NCAM-rank test). The patients with positive polySia had best prognosis.
Figure 3 Survival in glioblastomas by polysialic acid expression. The patients with positive polySia-NCAM had significantly better prognosis
(p = 0.006, log-rank test). 143 patients were included in the analysis.
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pilocytic astrocytoma is demonstrated in Figure 1.
Discussion
PolySia is commonly expressed in grade II – IV astro-
cytomas and it is bound to NCAM, whereas it is nearly
absent in grade I pilocytic astrocytomas. Patients with
polySia expressing astrocytomas had better prognosis than
patients with polySia negative astrocytomas. Furthermore,
when only glioblastomas were studied, patients with tu-
mors of polySia-NCAM positivity had similarly better
prognosis. In multivariate survival analysis polySia came
up as an independent prognostic factor, indicating better
prognosis. Finally, polySia expression associated with one
of the key features in gliomas, IDH1 mutation. When
IDH1 mutation and polySia expression were assessed sim-
ultaneously, the patients with both polySia expressing and
IDH1 mutatated tumors had the best prognosis. Although
polySia was associated with better prognosis in univariate
and multivariate analysis, it was also associated with in-
creasing proliferation. This underlines that mechanisms in
protein expressions are complex.
Association of polySia expression with malignant tu-
mors such as astrocytomas has been reported previously
[9,10]. However, the prognostic significance of histologi-
cally evaluated polySia expression in survival analyses
was studied here for the first time. Similar to our find-
ings in astrocytomas, polySia-NCAM expression is as-
sociated with better prognosis in neuroblastomas [16],which are also heterogenous tumors with stem cell-like
characteristics. As speculated before, polySia-NCAM as
a neural stem cell marker provides tumor cells not only
with proliferative and mitotic characteristics but also
with differentiation capability, like in the developing brain,
thus improving prognosis [16]. Interestingly, patients with
astrocytomas expressing only NCAM but not polySia had
even worse prognosis than patients whose tumors were
negative for both NCAM and polySia. Whether polySia
expression prevents unfavorable effects of NCAM, such as
leading cells towards epithelial-mesenchymal transition
(EMT), or repress the intercellular connections mediated
by NCAM through creating a hydrophilic radius on the
cell surface, is speculative, but polySia expression may be
an additional prognostic marker in most unfavorable as-
trocytomas, like in most unfavorable neuroblastomas [16].
Previously, Petridis et al. [9] as well as Amoureux et al.
[10], have presented correlations between polySia ex-
pression and tumor malignancy in astrocytomas. In the
study of Petridis et al., biopsies from 30 patients with
astrocytomas I – IV were evaluated. The statistical
analyses were performed combining grades I and II astro-
cytomas as one group and grades III and IV as another.
They showed that higher grade astrocytomas were more
often polySia positive. Given that we found only one out
of 82 pilocytic astrocytomas as polySia-NCAM positive,
the previous finding is not surprising. Since the biological
background of pilocytic astrocytomas differs from malig-
nant astrocytomas, the finding of Petridis et al. could be
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use polySia-NCAM antibodies in immunohistochemical
stainings of astrocytomas, since positive staining very
likely rules out the possiblity of pilocytic astrocytomas. In
this study, larger patient population, longer patient follow
up time, confocal microscopy describing the anatomical
location, and importantly, assessment of IDH mutation
might provide additional value to the analysis.
Petridis et al. also suggested in their study that the path-
ways of regulation of polySia expression are mostly un-
known and should be examined in future studies. In our
study, polySia expression was shown to be associated with
IDH1 mutation, one of the key features of astrocytomas.
Interestingly, IDH1 mutation has recently been linked to
EMT. In EMT, cells transform to a mesenchymal-like
form and loose e-cadherin mediated cell-to-cell adhesions.
EMT enables epithelial tumors to progress into metastatic
cancers. Grassian et al. showed that high levels of the
oncometabolite 2-HG, produced by mutant IDH1 enzyme,
cause an epithelial-mesenchymal transition -like pheno-
type in IDH1 mutated cells by changing the EMT-related
gene expression and cellular morphology [20]. Also, both
increased NCAM and polySia expression have been con-
nected to EMT mainly via causing loss of the cell-to-cell
adhesion molecule e-cadherin [21-23]. Thus, it is possible
that IDH1 mutation takes part in the regulation pathways
of polySia-NCAM expression and should perhaps be fur-
ther studied as a controlling factor of polySia-NCAM ex-
pression. Also, since polySia-NCAM has been proposed
to be a marker of stem cells, another interesting theme for
future research would be to study the expression of poly-
Sia and NCAM and their colocalisation in specific cellular
subpopulations of diffusely infiltrating astrocytomas.
Conclusion
PolySia expression in astrocytomas, and remarkably, in
glioblastomas, was associated with longer overall survival
rates. Since polySia expression is significantly more com-
mon in IDH1 mutated tumors, and since these tumors
have better overall prognosis, polySia may be a new addi-
tional molecular marker in the prognostic caharcterization
of glioblastomas.
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